The orbitofrontal cortex represents the reward or affective value of primary reinforcers including taste, touch, texture, and face expression. It learns to associate other stimuli with these to produce representations of the expected reward value for visual, auditory, and abstract stimuli including monetary reward value. The orbitofrontal cortex thus plays a key role in emotion, by representing the reward value of the goals for action. The learning process is stimulus-reinforcer association learning. Negative reward prediction error neurons are related to this affective learning. Activations in the orbitofrontal cortex correlate with the subjective emotional experience of affective stimuli, and damage to the orbitofrontal cortex impairs emotion-related learning, emotional behaviour, and subjective affective state. Top-down attention to affect modulates orbitofrontal cortex representations, and attention to intensity modulates representations in earlier cortical areas that represent the physical properties of stimuli. Top-down word-level cognitive inputs can bias affective representations in the orbitofrontal cortex, providing a mechanism for cognition to influence emotion. Whereas the orbitofrontal cortex provides a representation of reward or affective value on a continuous scale, areas beyond the orbitofrontal cortex such as the medial prefrontal cortex area 10 are involved in binary decision-making when a choice must be made. For this decision-making, the orbitofrontal cortex provides a representation of the value of each specific reward on the same scale, with no conversion to a common currency. Increased activity in a lateral orbitofrontal cortex non-reward area provides a new attractor-related approach to understanding and treating depression. Consistent with the theory, the lateral orbitofrontal cortex has increased functional connectivity in depression, and the medial orbitofrontal cortex, involved in reward, has decreased functional connectivity in depression.
Introduction
The functions of the orbitofrontal cortex are considered here, based on its connections, neurophysiology, activation in functional neuroimaging studies, and the effects of damage to and dysfunction of the orbitofrontal cortex. This evidence, and differences in its functional connectivity in depression, has led to a new non-reward attractor theory of depression. Activity in the orbitofrontal cortex is compared to that in the areas that project to it, and to the activity in the areas to which it projects. This enables development of a theory of how sensory representations in the input regions are transformed into reward-related value representations used to make decisions (choices) based on reward value in areas beyond the orbitofrontal cortex to which it projects. I also describe evidence for how top-down cognitive and attentional inputs coming from beyond the orbitofrontal cortex can influence the affective representations in the orbitofrontal cortex, showing how cognition and top-down attention descend down into this emotional system in the brain to influence what we feel. The paper is dedicated to Larry Weiskrantz, whose pioneering discoveries include that the amygdala is a part of the temporal lobe involved in emotion (Weiskrantz, 1956) , and with colleagues that some aspects of emotionrelated processing are present in patients with damage to the primary visual cortex, V1 (de Gelder et al., 1999; Tamietto et al., 2009 Tamietto et al., , 2012 . Larry Weiskrantz was an inspiring mentor when I was an undergraduate medical student at Cambridge, and a wonderful colleague at Oxford since then.
Given that emotions can be considered as states elicited by rewards and punishers, or of not receiving an expected reward (non-reward) or not receiving a punisher (relief) (Rolls, 2013b (Rolls, , 2014a (Rolls, , 2014b ) (see Section 11), a key contribution of the orbitofrontal cortex to emotion is part of the context of the discoveries and advances described here, which are relevant to our understanding of emotion and its disorders,
